Scattering observables of the N N and Y N interactions are investigated in a recent quark model developed for the simultaneous deseription of the N Nand Y N systems. The model is formulated in the (3q)-(3q) resonating-group method and incorporates a phenomenological quark-confining potential, the full Fermi-Breit interaction with explicit quark-mass dependence, and minimum effective meson-exchange potentials of scalar and pseudo-scalar meson nonets directly coupled to quarks. The differential cross sections and some spin observables of the np and pp scattering are reasonably reproduced. Predictions for the E+p and Ap scattering observables at intermediate energies are very much model-dependent, suggesting the importance of further experimental studies on these quantities. §1. Introduction
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The nucleon-nucleon (N N) and hyperon-nucleon (Y N) interactions are amongst the most important fundamental interactions which result from highly non-trivial quark-gluon dynamics governed by quantum chromo dynamics (QCD). Since QeD is not amenable to the direct solution of low-energy hadron phenomena, QCD-inspired effective quark models are usually employed to study these interactions. The composite nature of the nucleon and hyperon is taken into account most straightforwardly in the resonating-group method (RGM). In the simplest RGM formulation for the N N interaction, 1) the effective quark-quark (qq) interaction is usually built by combining a phenomenological quark-confining potential with a one-gluon exchange potential through the color analog of the Fermi-Breit (FB) interaction. This simple (3q)-(3q) model could elucidate only the extreme short-range part of the N N interaction, which was found to be purely repulsive. Since the long-range part of the interaction is dominated by meson-exchange effects, any RGM description in the simple (3q)-(3q) model must comprise effective meson-exchange potentials (EMEP) introduced by some appropriate means.
Meanwhile, many successful meson-exchange descriptions of the N N interaction have been extended to the Y N interaction. These include several versions of the oneboson exchange potentials (OBEP), such as the Nijmegen models 2)-4) and the Jiilich potentials. 5), 6) In these models a large number of baryon-meson coupling constants are constrained by the use of the SU3 relations, and several SU3 parameters are determined to reproduce the N N properties together with the low-energy crosssection data for the Y N scattering. One can inherit many techniques developed here for incorporating EMEP in the quark model. The extension of the (3q)-(3q) RG M study of the N N interaction to the Y N interaction is, however, by no means straightforward, since the lack of the medium-range attraction in the quark model leads to excessive ambiguity in the way of supplementing EMEP. Furthermore, in the study of the Y N interaction, the flavor-symmetry breaking should be correctly introduced even though we choose the spin-flavor SU 6 symmetry as a starting point.
We have recently obtained a simultaneous description of the N Nand Y N interactions in the RGM formulation of the spin-flavor SU6 quark model. 7) , 8) This formulation incorporates EMEP induced from the scalar (S) and pseudoscalar (PS) meson nonet exchanges at the quark level, and calculates the spin-flavor factors ofthe quark-exchange kernel explicitly by assuming the Gell-Mann matrices for the flavor operators of the octet-meson exchange potentials. Since the hyperon and nucleon belong to the same class of the spin-flavor SU6 supermultiplet 56, the spin-flavor factors thus evaluated give a strong constraint on the parameters of the EMEP. The microscopic approach to introduce EMEP at the quark level gives a strong correlation among different flavor channels of the N Nand Y N interactions, making it possible to utilize the very rich experimental information of the N N interaction for the study of the Y N interaction with sca.rce experimental information. In Refs. 7) and 8) we have fixed model parameters by using some appropriate N N properties and the available low-energy "total" cross section data for the Y N scattering, and found that the deuteron properties and the N N phase shifts up to the partial waves J S 4, as well as the low-energy Y N differential cross sections, are reproduced reasonably well. In Ref. 9) we have shown that, for some particular energies, reasonable agreement with the experimental data is obtained not only for the total and differential cross sections but also for some spin observables of the np and pp systems. A similar analysis is also carried out in Ref. 10) for E+p scattering at PE = 450 MeV Ie, in which a strong correlation between the resonance behavior of various OBEP models and the predicted differential cross sections and polarization is discussed.
In this investigation, we continue our study of the scattering observables of the N Nand Y N systems. The reason we need to examine the scattering observables in addition to the phase shifts is as follows:
1) In the Y N system, phase-shift analysis does not seem to be possible even in the future, because of the very poor statistics of the experimental data. 2) In the N N system where the phase-shift analysis exists, we can determine the quality of our model predictions for reproducing the experimental data. This information is indispensable when we attempt to analyze future Y N data by using our quark model. 3) Since our quark model is not perfect in reproducing the N N phase shifts, it is useful to pinpoint the flaw of the predicted scattering observables for the future renovation of our quark model. It is certainly true that each component of the interaction is usually reflected more clearly in the behavior of the phase shifts as long as the energy is not high. In the studies of the Y N interaction using the OBEP models, however, the combined discussion of the phase-shift behavior and the scattering observables is not frequently undertaken, since the parameters of OBEP's are supposed to embody the charac-teristics of the experimental data. In the present framework, the short-range part of the N Nand Y N interactions is unambiguously determined. It would be useful to examine the correlation between the phase-shift behavior and that of the scattering observables by taking advantage of the strong correlation of the N Nand Y N interactions in our quark model.
We stress that our purpose in studying the N Nand Y N interactions in the quark model is not to reproduce the experimental data to the utmost accuracy, but to clarify the various aspects of the baryon-baryon interactions such as the role of non-central forces and the rich spin-flavor content. The dynamical processes taking place between the composite systems of quarks are dominated by the effectiveinteraction as well as important kinematical requirements arising from the quark Pauli principle and the symmetries of the spin, flavor and color degrees of freedom. In particular, it is a great advantage of the RGM framework that we can deal with the N Nand Y N interactions on an equal footing as long as we assume the SU6 wave functions for the baryons and use a uniqueinteraction between quarks. In our quark model study, the perfect reproduction of the experimental data of the N N system is not a mandatory condition to proceed to the study of the scattering observables of the Y N system, but more important is that the various pieces of the interaction are well balanced. We expect that this is reflected in the energy dependence and shapes of the angular distributions of various scattering observables. The present discrepancies between the predicted and empirical N N phase shifts and the scattering observables cannot be easily overcome by a mere change of the parameter values. Further improvement requires major renovation of the present quark model or the present framework.
This viewpoint is largely different from those of previous quark-model studies of the N N scattering observables. For example, the Paris group 11) combined the quark-model potential 12) with the long-and medium-range part of the Paris potential, by introducing a special type of cutoff function. They tested the quality of the model by confronting its predictions directly with data on scattering observables, and found that the fit to the existing pp data was not satisfactory. It is not appropriate, however, to substitute the quark-model potential for the short-range part of the Paris potential. One should allow the quark model the freedom to choose an optimum framework for the EMEP. Another calculation of the spin observables by the Tiibingen-Salamanca group 13), 14) is motivated by the hope that one could find additional information on the quark degrees of freedom at short distances. They also attempt to estimate the quality of the quark-model predictions for the polarization observables in the N N system. The extension to the Y N system is their future work.
In this paper, we first extend our work in Ref. 9 ) and examine the energy dependence of the NN scattering observables up to about 300 MeV. This is a necessary step to make sure that our quark model includes major ingredients for the qualitative description of the N Nand Y N interactions up to certain incident energies. Since a detailed discussion of the E+p scattering observables at intermediate energies is already made in Ref. 10) , we briefly mention characteristics of the various models, which appear in the energy dependence of the differential cross sections and is particularly important at the cusp region, although we remain in this paper in the energy region where the EN channel is still closed. The result of our preceding model, RGM-F, 16) -18) is mentioned only briefly when some discrepancy with FSS and RGM-H appears.
In the next section we formulate the model to calculate the N Nand Y N scattering observables. After a brief discussion of our quark model, the procedure to calculate the scattering observables from the S-matrix is outlined. Section 3 deals with results and contains discussion. The differential cross sections and the spin observables of the np and pp scattering are examined in §3.1, those of the E+ p scattering in §3.2 and those of the Ap scattering in §3.3. The final section is devoted to summary. §2. Formulation
Quark model
Here we only recapitulate some important features of our quark model. 
where Co is the relative energy in the channel 0:. Each channel is specified by a set of quantum numbers 0: = [1/2(1l) a}, 1/2(1l)a2l SSzY lIz; P, where P is the flavorexchange symmetry phase. 16) The summation over n for the exchange kernel M~~~ involves not only the exchange kinetic-energy (K) term, but also various pieces of the FB interaction, as well as several components of EMEP. The FB interaction involves the color-Coulombic (CC) piece, the momentum-dependent Breit retardation (MC) piece, the color-magnetic (GC) piece, the symmetric LS (sL8) piece, the antisymmetric LS (aL8) piece, and the tensor (T) piece. The EMEP contribution, on the other hand, yields the central (CN) component from the S-mesons and the spin-spin (S8) and tensor (TN) terms originating from PS mesons. These terms are further divided into contributions from some particular meson species denoted by {3, which is explicitly shown in Eq. (2·1) only for the direct potentials. The difference of the three versions, RGM-F, FSS and RGM-H, lies solely in the meson species, the interaction types, and the treatment of the spin-flavor factors for the EMEP assumed to act between quarks. In RGM-F only the one-pion exchange and K-meson exchange tensor forces are taken into account, in addition to the Smeson nonet (to, S*, 8 and ~) exchanges, while in FSS and RGM-H all pieces of the PS-meson nonet (r7', "1, 71' and K) are introduced with respect to the spin-spin and tensor terms. Coupling constants of these mesons to quarks are controlled by the SU3 coupling constants appearing in the direct term of the RGM equation, and are determined to realize an optimum fit to some of the N N properties and available low-energy "total" cross sections for the Y N scattering. The N N properties fitted are the deuteron binding energy, ISO scattering length for np (FSS) or pp (RGM-H) scattering, and S-and P-wave phase shifts up to about 200 MeV, adjusted to the recent phase-shift analysis by the Nijmegen group. 19 Table 1 .
The spin-flavor factors of the EMEP are not explicitly calculated in RGM-F. In this model the exchanged mesons are first assumed to be flavor-singlet, and then the overall strength is adjusted such that the flavor dependence of the spin-flavor factors in the direct term correctly reproduces the flavor dependence of the Nijmegen model-F, which is determined from the products of the baryon-meson coupling constants with the SU3 relations. For scalar mesons the strengths of the original model-F parameters are multiplied by a common reduction factor, C+l = 0.56 for the flavor symmetric states with P = +1 and C--l = 0.4212 for the flavor antisymmetric states with P = -1. These are determined to reproduce the 1 So phase shift of the N N scattering and the correct binding energy of the deuteron. On the other hand, the spin-flavor factors of EMEP are explicitly calculated in FSS and RGM-H. We have found that the full microscopic approach in these models imposes too strict a constraint on the SU3 EMEP parameters. For example, the F/(D + F) ratio of the flavor octet mesons is no longer a free parameter, but takes specific SU6 values originating from the SU6 spin-flavor wave functions of the octet baryons. The pure electric nature of the S-mesons with as = 1 leads to the difficulty that the direct potentials for the AN and EN systems become identical. Under this constraint it is not easy to ensure an appropriate relative strength of the central attraction between AN and EN channels. In particular, the central attraction of the E+p channel is usually too strong if we fix that of the AN channel to fit the low-energy Ap cross sections. In FSS we avoid this difficulty by choosing a slightly larger value of OS for the isoscalar meson mixing only for the EN(J = 3/2) system. In RGM-H we partially return to the old prescription of RGM-F and revise a degree of freedom of as by using the approximate spin-flavor-color factors only for the isoscalar S-mesons to and S*.
A short comment follows regarding the spin-spin part of the PS meson exchange potentials and their coupling constants. The spin-spin part includes a delta-function type contact term which has recently been advocated by some authors 21) as a replacement of the color-magnetic term of the FB interaction. In fact this term also yields the short-range repulsion in the S-wave channels of the N N interaction. However, we are reluctant to take this contact term of EMEP as the origin of the very intricate flavor dependence of the baryon-baryon interaction. We have introduced a common reduction factor Co for this term and determined the value in the N N system. In our previous formulation,8) we included the factor (m(3/m 7r +)2 common to the spin-spin and tensor terms of the PS meson exchange potentials. In the actual calculation of FSS and RGM-H, however, this mass factor is introdticed only for the spin-spin term.
Scattering observables
We solve the coupled-channel RGM equation Eq. (2·1) by the variational method, employing Gaussian-type trial functions. 22) The S-matrix thus obtained constitutes the basic building blocks for the scattering amplitude which is expressed by eight invariant amplitudes a, ... , h: 23)
where The transformation of the spin observables expressed in the unit vectors land m in the c.m. system to those expressed in the body-fixed frame in the laboratory system involves not only a trivial kinematical rotation around the n axis, but also an extra rotation around the same axis, which was referred to by Stapp 27) as the relativistic rotational correction of the polarization vectors. The angles, !h and DR, by which the polarization vectors of the scattered and recoil particles are rotated, respectively, are obtained as a result of three successive Lorentz transformations with non-parallel velocity vectors. 6), 27), 28) The spin observables in the laboratory system, incorporating these relativistic corrections, are also given in 
N N scattering
In this subsection we discuss scattering observables of the N N system predicted in the present quark model. Since the model parameters are fixed by fitting the Swave and P-wave phase shifts up to the energy range 71ab :::; 200 MeV, the low-energy scattering observables are naturally reproduced quite well. However, the phase shifts of higher partial waves are only qualitatively reproduced. For example, in FSS and RGM-H (and also in RGM-F) the 3 D2 phase shift is too attractive by more than 10° in the energy range 200 MeV -300 MeV,8) which seems to be a common feature of most quark-model calculations (see, for example, Ref. 12)). The deviation of the E2 mixing parameters of the 3 P 2 -3 F2 coupling is also not small. These features indicate some insufficiency of the present model in the tensor and/or quadratic LS components, which may be related to our assumption implicit in the exclusion of vector mesons.
The differential cross sections (da/dD) and the polarization (P) for the np scattering, predicted by our quark model, are displayed in Fig. 1 , and those for the pp scattering in Fig. 2 .. tative agreement is achieved in these cases. In np scattering, the differential cross section data show a typical V-shape behavior. The peak position for the polarization data is enhanced and moves gradually to the forward angles as the incident energy increases. Our quark model reproduces these features quite well. There are, however, some deviations from the experimental data at higher energies. In the differential cross sections, our quark model gives too large values at Oem ~ 30° and Next, we briefly discuss the improvement of the scattering observables in RGM-H and FSS over those in their preceding version RGM-F. In the polarization and the depolarization at 50 Me V, we do not find any large deviation among these calculations. On the other hand, the differential cross sections and the spin correlation parameters of RGM-F deviate from the experimental data at backward angles, whereas those of RGM-H and FSS give better results. (See Fig. 1(b and FSS (dashed curve) for the np system, compared with experimental data. 29) the lack of the spin-spin term of the PS mesons (especially the pion) in the RGM-F. It is interesting to note that this deviation appears only in the differential cross sections and the spin correlation parameters, and not in the polarization and the depolarization. This may indicate that some observables are very sensitive to the particular components of the interaction. In the E+p system we will see another example of this kind of property with respect to the resonance behavior of particular partial waves. Summarizing this subsection, we have found that the present quark model can qualitatively reproduce very rich experimental data of the N N scattering observables over a wide energy range up to Tiab ::; 300 MeV. Although the quality of the fit is far below that of the OBEP approach, the short-range property and the main part of the spin dependence in the N N interaction are properly incorporated in our quark model within this energy region. This is a necessary condition for the purpose of extending the present model to the Y N interaction. Some deviations from the experimental data found on the high-energy side should be investigated for the improvement of the present framework.
E+p scattering
The SU3 content of the E+p system is (22) for the flavor-symmetric 1 E and 30 states and (30) for the flavor-antisymmetric 3 E and 10 states. 16) Since the pp system also has SU3 symmetry (22) , the E+p interaction in the 1 E and 30 states is expected to resemble the well-known pp interaction as long as theinteraction is approximately SU3 scalar. On the other hand, the E+p interaction in the 3 E and 10 states is a priori unknown from this kind of simple symmetry discussion. In the quark model, the most compact (08)6 configuration of the EN(I = 3/2) 3S 1 state is almost forbidden by the effect of the Pauli principle. The E+p interaction in the 381 state is consequently repulsive due to this kinematical effect arising from the quark structure of the baryons. On the other hand, the Pauli effect gives a weak attraction for the 1 PI state through the kinetic-energy exchange kernel in the RG M formalism. 16) In the OBEP model, the phase-shift behavior of the 3 SI and 1 PI states for These features of the scattering observables can be clearly seen in Fig. 6 , which displays the energy dependence of the 17+ P differential cross sections and polarization up to PE = 800 MeV/e. The predictions by RGM-H (solid curve), FSS (dashed curve), the Nijmegen HC-F (crosses) and NSC (circles) are displayed. All the models give similar results up to 200 Me V / e, except for some overestimate of the differential cross sections in RGM-H. At higher energies, the difference in model predictions appears. The 1 PI resonance in HC-F is reflected by the V-shape behavior of the differential cross sections. The 38 1 resonance in NSC results in very small values of the differential cross sections for PE == 400 -600 MeV/e. The polarization is also sensitive to the resonance structure of the 38 1 phase shift. For example, in NSC it stays at small values below 600 MeV/e. For each of these observables, the two versions of our quark model predict very similar behavior. We have also compared these model predictions with the recent experimental data from KEK for the E+p differential cross sections averaged over the energy range PE = 300 --600 MeV/e. 30) Unfortunately the poor statistics of the data obtained so far preclude any meaningful conclusion on the phase-shift behavior of the 17+ P interaction in the 3 E and 10 states. Further experimental investigations of the differential cross sections and polarization at intermediate energies are very important to understand this interaction.
Ap scattering
In this subsection, we discuss scattering observables of the Ap interaction based on the analysis of the phase-shift behavior of the AN-EN (I = 1/2) coupled-channel calculation. It is found in Ref. 8 ) that the channel coupling effect between the AN and EN(I = 1/2) channels is very important even below the EN threshold at PA = 638 MeV /e (which corresponds to the A-E mass difference dEA-E = 77.49 MeV).
This situation is naturally understood in the quark model, since two 8U3 states, (11)a and (11)8, which newly appear in this system, are largely mixed in the AN system. In particular, the flavor symmetric (11)8 (03) and (l1)a components fifty-fifty, so that one may expect their interactions to be very similar to each other so long as the total Hamiltonian is approximately an 8U3 scalar. It is, however, possible that this observation made in Ref. 16 ) for the central interaction is largely violated by the strong effect of the flavor symmetry breaking, especially by the 7r-and K-meson exchange tensor force. In the AN system, the one-pion exchange tensor force becomes important only through coupling with the EN channel, whereas it should give an appreciable contribution to the EN system. It is, therefore, important to evaluate the strength of the attraction in each 381 (and also 1 Pt) state of the AN and EN(I = 1/2) systems from independent experimental sources.
Another characteristic feature of the AN-EN(I = 1/2) system is the (l1)a- (11) Hamiltonian is almost an SU3 scalar with a small flavor symmetry breaking. On the other hand, we have found in Refs. 7) and 8) that the LS( -) force originating from the Fermi-Breit interaction between quarks plays a very important role in enhancing the cusp structure of the Ap elastic cross sections at the EN threshold. This is particularly prominent in the model FSS, where the resonance structure in the EN(I = 1/2) 3 PI state is moved to the AN I PI state due to the very strong coupling by the LS( -) force. We show below another effect of this coupling in the polarization observables. Figures 7 and 8 PA by various models at PA = 600 MeV Ie, we find that the difference between FSS and RGM-H is smaller than the difference between the two OBEP models. Since predictions of full Wolfenstein parameters by various OBEP models are already given at this particular incident momentum, we also give our predictions for R, R', A and A' in Fig. 9 . We find that these quantities are strongly model-dependent. Even our quark model predicts different results for FSS and RGM-H, which is also related to the different coupling features of the AN and EN (I = 1/2) channels by the LS ( -) force. This difference between FSS and RGM-H sometimes exceeds the difference between the other two OBEP models. Much experimental information is required to predict these quantities without ambiguity. Since the structure of the AN interaction is rather complicated, it is necessary to clarify various aspects of the interaction step by step. First let us discuss the 8-wave phase shifts and their effect on the scattering observables. Although all the models for the Y N interaction are made such that the empirical low-energy Ap total cross sections in the 120 -330 MeV Ic region 31), 32) are reproduced, there still remains much ambiguity in the relative strength of the attraction appearing in the 180 and 38 1 phase shifts. Table II shows the 180 and 38 1 phase-shift values predicted by various models at PA = 200 MeV Ie, where they reach almost maximum values. The effective-range parameters are also shown for comparison. These models are classified into two categories; one gives a small difference between the 18 0 and 381 phase shifts and the other gives a larger value for 180 and a smaller one for 3S 1 • All the OBEP models and RGM-F *) belong to the first category, and our new versions of the quark model, FSS and RGM-H, belong to the second one. Usually the ISO state is more attractive than the 38 1 state, except for in the Nijmegen model-D and RGM-F. This feature is required from the analysis of the energy spectra of light A hypernuclei. First, the hypertriton ~H is bound, while ~He is not. Also ;tH and ~He have the 0+ ground state and an excited state 1+ at about 1 MeV. The determination of the relative strengths of the attraction in the 1 So and 381 states is, therefore, crucial for understanding the detailed structure of light A hypernuclei.
The two categories could be characterized by the depolarization D. If we retain only the 8-wave in the low-energy limit, D is explicitly calculated from
where 8 s = 8eSo) and 8 t = 8eSI). 18)) has increased by about .i5%, but it is still within the experimental error bars. The correct effective range parameters for the 3 SI phase shift in RGM-F are given in Table II . The Nijmegen soft-core model NSC gives 0.93. The depolarization behavior in Fig.   7 clearly shows that this situation continues up to about 200 -300 MeV I e.
Once the incident energy becomes higher, the P-wave contribution becomes important. It is still not clear if the P-wave AN interaction is repulsive or attractive. The experimental data for the low-energy angular distribution seem to indicate that it is slightly attractive, 31),32) although these data involve large error bars. The central components in the single-channel P-wave phase shifts of the AN scattering are generally repulsive in our quark model. After introduction of the non-central forces, the 3 Po phase shift becomes repulsive and the 3 P 2 phase shift becomes attractive, mainly due to the LS force. Table III shows the P-wave phase shifts of FSS and RGM-H in the full coupled-channel calculation with respect to the incident momenta below the EN threshold. The mixing angles PI between 1 PI and 3 PI channels by the LS( -) force are also shown in the standard notation of bar phase shifts. Here we clearly find that the mixing is stronger in FSS thari in RGM-H. As the energy approaches the EN threshold, both of the 1 PI and 3 PI phase shifts exhibit appreciable attraction due to the effect of the step-like 1 PI resonance in FSS and of the dispersion-like resonances in RGM-H. 8) Except for this quantitative difference of the coupling features near the EN threshold, FSS and RGM-H yield very similar results for the P-wave phase shifts of the AN elastic scattering.
In order to see the contributions of the P-wave components more clearly, we examine the forward-to-backward ratio FIB of the Ap angular distributions for the energy range PA ~ 300 MeV Ie. If we keep the dominant S-wave phase shifts, 15 s and 15 t , and small corrections, fl, 15; = 15ept), 15f = 15eP J ) with J = 0, 1, 2, the total differential cross sections are approximated by which is shown in Fig. 8 . This can be seen from the explicit expressions of these observables given in Table I Figure   8 displays the apparent difference between PA and P N both in FSS and in RGM-H. These observables are measured experimentally as the left-right asymmetry of the differential cross sections when the out -going A or proton is rescattered in the target. When the incident momentum of the A particle exceeds the EN threshold energy 638 Me V / e, charge exchange reactions to EOp and E+ n channels take place. The total reaction cross sections for Ap -+ EOp are at most about 5 -6 mb for both FSS and RGM-H, as is shown in Fig. 10(b) of Ref. 8 ). If we use the isospin relation for the scattering amplitudes, the total reaction cross sections for Ap -+ E+n are twice the above values. In a subsequent paper,35) we will discuss low-energy observables for E-p scattering, which also involves the charge exchange reactions to EOn and An channels. §4. Summary A study of the baryon-baryon interaction in the QeD-inspired quark model is motivated to clarify rich low-energy hadron phenomena, which result from the nonperturbative quark dynamics dominated by an effectiveinteraction and strong kinematical constraints of the quark Pauli principle and symmetries of the spin, flavor and color degrees of freedom. The most important findings of such studies are the adequacy of the quark degree of freedom in the short-range region and the intricate role of the meson-exchange effect in the medium-and long-range region. A realistic model for the baryon-baryon interaction with these facets of very different character should be examined by confronting the model predictions directly with the experimental data.
RGM-H -FSS ---
In this paper we have investigated scattering observables of the N Nand Y N interactions in the low-and intermediate-energy region by using a recent quark model developed for the simultaneous description of these interactions. Our models, called The spin-flavor-color factors of these mesons are explicitly calculated except for those of the "isoscalar" S-mesons in RGM-H. In this special case, the same approximation as is used in RGM-F is employed. In FSS and RGM-H, the model parameters are determined to fit the N N S-wave and P-wave phase-shift values under the constraint of the deuteron binding energy and the 1 So scattering length, together with the low-energy Y N "total" cross-section data.
Before proceeding to the analysis of the Y N scattering observables, we first examined the quality of our model by calculating the scattering observables of the np and pp systems, in which the rich knowledge of the phase shifts helps a great deal in understanding the particular roles of the interaction pieces in the scattering observabIes. The energy dependence and the angular-distribution shape of the differential cross sections, the polarization, and some other spin observables are qualitatively reproduced for the np and pp scattering in a wide energy region up to about 300 MeV. However, our models somewhat overestimate the differential cross sections on the high-energy side. In RGM-F, the lack of the spin-spin term of the PS-meson exchange potentials (the one-pion exchange, in particular) leads to too small values of the np differential cross sections and the spin correlation parameters at backward angles. Through this comparison, we can confirm that a particular component of the interaction pieces is strongly reflected in the behavior of some specific types of spin observables.
After making sure that the discrepancies between the predicted and empirical scattering observables in the N N system are far smaller than the ambiguity in the present experimental data for the Y N interaction, we proceeded to study scattering observables of the Y N systems in FSS and RGM-H. When experimental data are not available, our predictions were compared with the result of some OBEP models. It is found that the standard procedure to correlate the phase-shift behavior with the scattering observables is very useful even in the study of the Y N interaction.
In the study of E+p scattering we have found a large model-dependence in the In Ap system we have examined the scattering observables in the energy range below the EN threshold (p A = 638 Me V / c). In this system the effect of non-central forces and the channel-coupling effect between AN and EN(I = 1/2) configurations are both very important. The one-pion tensor force is responsible for the strong coupling among AN 3S 1 , AN 3D 1 and EN(I = 1/2) 3S 1 channels, yielding a prominent cusp structure for the Ap total cross sections at the EN threshold. Even below the EN threshold, this tensor coupling is important to make the AN 3S 1 phase shift attractive. Among many models which reproduce low-energy Ap cross sections, FSS and RGM-H predict that the lSI state is very attractive and that the 3S 0 state is less attractive. Besides a possible check of this feature in the energy spectra of sshell A hypernuclei, we have found that the depolarization at low energies (less than 200 MeV / c) can be used to measure the different strength of attraction between the 1 So and 3 Sl states. In the P-wave interaction, the effect of the LS( ~) force is very important in our quark model. In particular, FSS gives a strong coupling between 1 PI and 3 PI channels by the LS( ~) force generated from the Fermi-Breit interaction, resulting in the strong enhancement of the cusp structure of the Ap total cross sections in the EN threshold region. The effect of this coupling continues down to energies of about 400 MeV/c. By examining the forward-to-backward ratio F / B of the differential cross sections, we find that the low-energy P-wave Ap interaction at PA :S 300 MeV /c is weakly attractive due to the combined effect of the LS and LS(~) forces, and of the AN-EN(I =: 1/2) channel coupling. As a direct detection of the LS( ~) force, we have pointed out that the scattered A-particle and the recoil proton have the polarization of almost opposite signs at intermediate energies. The Wolfenstein parameters at PA = 600 MeV /c were also calculated in FSS and RGM-H.
Because of the quantitative difference in the strength of the AN-EN(I = 1/2) coupling, the two models give a sizable discrepancy for the predicted values, which is comparable to that between other OBEP models. This indicates that more exper-imental information is needed in order to understand the whole picture of the Ap interaction.
In summary, we have found that various Y N interaction models, which reproduce the N Nand Y N experimental data currently available, sometimes give entirely different predictions for the Y N scattering observables in the intermediate-energy region, where experimental data are not yet available. This indicates that many of the models have quite different characteristics with respect to the relative importance of the different partial waves, the relative strength of the central and non-central forces, the cancellation mechanism of the short-range repulsion and the intermediate-range attraction, and so on. The behavior of the phase shifts for the P wave and the higher partial waves cannot be determined from only the low-energy Y N cross section data currently available. Once new data are obtained in the intermediate-energy region, the scattering observables could give important information that makes it possible to construct better models for the realistic description of the various Y N interactions.
